ABSTRACT Background: Evidence of the effectiveness of lipid-based ready-touse complementary foods (RUCF) at improving linear growth among infants aged 6-12 mo is scarce, and further work is warranted. Objective: The objective was to assess the effectiveness of a fortified soybean-maize-sorghum RUCF paste compared with a fortified corn soy blend (UNIMIX) porridge on the prevalence of underweight and stunting among infants in South Kivu Province, Democratic Republic of Congo. Design: Infants were randomly assigned at 6 mo of age to receive either RUCF (n = 691) or UNIMIX (n = 692) for 6 mo. In addition to admission and monthly anthropometric measurements, hemoglobin, triglyceride, and cholesterol were measured at enrollment and at the end of the study. Results: No significant differences in the prevalence of stunting (RUCF: 48.6%; UNIMIX: 46.4%; P = 0.31), the prevalence of underweight (RUCF: 20.4%; UNIMIX: 18.2%; P = 0.42), or weight gain (RUCF: 1.2 6 0.7 kg; UNIMIX: 1.3 6 0.7 kg; P = 0.08) were found. A small but statistically significant difference in length gain (RUCF: 5.2 6 2.0; UNIMIX: 5.4 6 2.0; P = 0.03) was found. No significant differences in the concentrations of hemoglobin, serum triglyceride, and serum cholesterol were found between the 2 groups. Conclusion: No significant differences were found between the RUCF and UNIMIX in the reduction of the prevalence of stunting and underweight at 12 mo of age among rural Congolese infants. This trial was registered at controlled-trials.com as ISRCTN20267635.
INTRODUCTION
In 2006, the prevalences of underweight and stunting in resource-constrained countries were 35% and 42%, respectively (1) . Growth faltering may result from chronic inadequate macroand micronutrient intakes and is associated with delayed milestone acquisition, increased morbidity, and increased risk of dying before the fifth birthday.
In resource-constrained countries, complementary foods tend to have low energy and nutrient density, and the bioavailability of essential micronutrients is often poor (2-4). Daily energy intake from these foods is often ,70% of the recommended 200, 300, and 550 kcal/d from complementary foods for children aged 6-8, 9-11, and 12-23 mo, respectively (4) (5) (6) . In addition, the intakes of some key vitamins and minerals, such us vitamin A, zinc, and iron, is below recommended amounts (3, (7) (8) (9) .
To reduce growth faltering, several community-based complementary feeding trials have been implemented with contrasting results (10) (11) (12) (13) (14) . In some studies, food supplementation reversed or prevented growth faltering, but in most large-scale studies and a systematic review of all published effectiveness trials, improved complementary foods had no effect on growth (14) . That said, there is some suggestion that ready-to-use complementary food (RUCF) 4 may promote better infant growth (5, 15, 16) , albeit modest.
This study aimed to assess the effectiveness of 6 mo of supplementation, from 6 to 12 mo of age, with a multimicronutrientfortified soybean-maize-sorghum RUCF paste compared with UNIMIX (a multimicronutrient-fortified corn soy blend) porridge on the prevalence of underweight and stunting among infants in South Kivu Province, Democratic Republic of Congo. We hypothesized that infants consuming RUCF from 6 mo of age would have greater linear growth and weight gain at 12 mo of age than would infants consuming UNIMIX or infants of a historical control cohort who did not receive any food supplement.
SUBJECTS AND METHODS

Study site
The study was based at Lwiro Pediatric Hospital, Miti Murhesa Health District, South Kivu Province, Democratic Republic of Congo, between October 2009 and November 2010 with recruitment running from October 2009 to March 2010. In eastern Democratic Republic of Congo, only 24% of infants aged 0-6 mo are exclusively breastfed, and 60% of infants aged 0-2 mo are given water, other liquids, or even solid foods (6, 7) . In the current study, the durations of exclusive breastfeeding were 2.5 6 2.0 and 2.6 6 2.0 for the RUCF and UNIMIX groups, respectively. However, the overall breast milk intake was within the normal range for infants at 9-10 mo of age in both groups (17, 18) .
Study design and subjects
This was a prospective, nonblinded, randomized, controlled, parallel-group trial. Only the statistician was blinded to study groups during the data analysis. Full-term-born infants (gestational age .37 wk) were recruited when they were 4-5 mo of age if consent was given. At the age of 6 mo, infants were randomly assigned to one of the study groups. Randomization for the study was performed before the commencement of study enrollment by an investigator not involved in the data collection or day-to-day management of the study. A computer program, with the use of a random-number generator function, created lists for each study team that comprised 2 trained enumerators (2 nurses or one nurse and one nutritionist). On the basis of the generated randomization lists, the field supervisor who was not involved in the recruitment of participants prepared sealed envelopes labeled with consecutive numbers, with each of the envelopes containing the code of the study food that was to be assigned. On the inclusion of the infant, the next sequential numbered envelope was opened to provide the code of the study food to be consumed by the infant. Exclusively bottle-fed children and children with any malformations or neurologic impairment were excluded.
Ethical approval was obtained from the Ethics Committees of the Erasme Hospital, Free University of Brussels, Belgium. Permission to conduct the trial was obtained from the Ministry of Health, South Kivu Province. Caregivers were informed about the objectives, benefits, and risks of the study. Mothers or caretakers were informed that they had a choice over whether their child participated in this trial and that refusal to participate would not affect their access to growth monitoring and expanding program of immunization services. A team composed of the provincial medical officer, the district medical officer, and a local pediatrician-who were part of the local Ministry of Health review committee-served as the Data Safety Monitoring Board and conducted an interim review of safety data and a blinded interim analysis when a third of the targeted sample completed the study. From its review, the Data Safety Monitoring Board recommended the continuation of the study without any procedural changes.
Historical cohort
We analyzed data for a historical cohort of 110 infants recruited at birth from January 2006 to October 2007 among mothers who delivered at Lwiro Maternity and who had a previous child admission in a supplementary or therapeutic feeding program. The purpose of the follow-up was to support the mothers in adhering to infant and young feeding best practices, including exclusive breastfeeding for 6 mo. These children were regularly visited at home by Community Health Workers (CHWs) monthly from birth to 12 mo of age. All home assessments, including anthropometric measurements, were done by a nurse with previous experience in nutrition surveys, research, and growth monitoring. No food supplements were provided during followup. Growth velocity and mortality from 6 to 12 mo in this cohort was used as a no-food control group. The mean birth weight in the historical cohort was 3.1 6 0.5 kg.
Study foods
Enrolled infants received either a lipid-based RUCF or UNIMIX from the age of 6 to 12 mo if they were in the intervention or control group, respectively. It was not possible to blind either participants or study staff on the nature of the 2 foods, because RUCF was in paste form and was packed in 250-g plastic jars, whereas UNIMIX was in flour form and was packed in plastic bags. The composition of RUCF and UNIMIX are shown in Table 1 . Comparisons are (19) . As described previously (17) , the RUCF used in this study consisted of extrusion-cooked maize (Zea mais), soybeans (Glycine max), sorghum (Sorghum bicolor), milk powder, vegetable oil, sugar, and 3% micronutrient powder formulated to provide the recommended daily allowance of all micronutrients for infants aged 6-12 mo each day. The energy density of RUCF was 22 kJ/g (5.5 kcal/g). The RUCF is designed to be used as complementary food (weaning food) for well-nourished children who are still breastfed. UNIMIX was chosen as control food because it was considered the best flour in terms of energy density and micronutrient content. Furthermore, it is normally used by caregivers in the region to prepare porridge for infants during the early months after the introduction of complementary foods. Furthermore, because humanitarian agencies distribute corn soya blend/UNIMIX in the region for treatment of moderate acute malnutrition, the products are widely available in the local market and are used by many mothers for feeding the infants and the rest of the family. Previously, porridge for infant feeding was made by using an unfortified mixture of maize, sorghum, and soya flour called Masoso.
Acceptability of study foods
Before the effectiveness study, RUCF and UNIMIX porridge had been tested for acceptability among infants in the same community. Briefly, 50 infants received RUCF and UNIMIX in a crossover design. Infants were divided into 2 groups of 25 and were randomly assigned to start with either RUCF or UNIMIX porridge for the first 2 wk followed by a 10-d washout period before switching to the other food. Results of the acceptability trial showed that there was no significant difference between acceptability and tolerance of RUCF compared with UNIMIX among the infants. There was persistence of good appetite for RUCF with .70% of infants consuming .75% of the RUCF served. RUCF was well tolerated among the infants. Throughout the study period, only 7 of 51 mothers had complaints about RUCF intake, including 1) its rough consistency/texture (the product is difficult to swallow; n = 2), 2) its association with diarrhea (n = 2), and 3) its association with poor eating behavior in their children (n = 2). The complaints related to intake of UNIMIX porridge were that it was too thick (n = 2) and that it caused constipation (n = 1). Mothers were unlikely to feed their infants with either RUCF or UNIMIX porridge if the child was sick.
Intervention and follow-up
Mothers were instructed to feed the infant 50 g/d in 2 meals without mixing the RUCF with water or other foods. The UNIMIX used consisted of extrusion-cooked maize, soybean, sugar, and vitamin and mineral premix. Mothers were instructed to cook in the morning and in the evening by mixing 3 spoonfuls of flour (35 g) in boiling water to achieve the suitable consistency of typical porridge that would have an energy density of 1.1 kcal/ mL and then feed the food to their child after it cooled. The daily ration for both RUCF and UNIMIX provided 275 and 280 kcal, respectively. It was planned that the RUCF and UNIMIX would be administered daily by the study enumerators; however, because of budget constraints, weekly rations were supplied to the mothers for home administration. Compliance with the complementary feeding instructions was measured by the fieldworkers (community-based volunteers or research nurses) monthly. The fieldworker asked the mother how much of the food the child was consuming and asked to see the containers of either RUCF or UNIMIX. Only a convenience subsample of the first 21 infants consecutively enrolled in each group was fed in the presence of the extension health workers serving their villages.
Participants were visited weekly at their home by CHWs and were assessed monthly by study nurses at the closest health post. The maximum time for walking to the health post was 30 min. All CHWs and nurses involved in the study were trained on taking anthropometric measurements. The training included repeated practice making anthropometric [weight, length, and midupper arm circumference (MUAC)] measurements by each trainee on 5 volunteer infants. During the monthly visits, information on food supplement intake, morbidity history, and possible adverse events was collected by using a standardized questionnaire, and the participating infants underwent a physical examination and anthropometric (weight, length, and MUAC) assessment as described below.
Measurement of outcome variables
The primary outcome was the prevalence of stunting (defined as length-for-age ,22 z score of the WHO reference standard) at 12 mo of age. Secondary outcomes included the prevalence of underweight (defined as weight-for-age ,22 z score of the WHO reference standard) at 12 mo of age; weight, length, and MUAC gains; changes in anthropometric indexes, including length-for-age z score (LAZ), weight-for-age z score (WAZ), and weight-for-length z score (WLZ); mean changes in hematocrit, cholesterol, and triglyceride concentrations; and the proportion of children walking unassisted (as reported by mother/ caregiver) at 12 mo of age.
The nude weight of the infant was measured to the nearest 100 g by using a Salter scale. The recumbent length of the infants was measured to the nearest 0.1 cm on a portable locally made measuring board. MUAC was measured to the nearest 0.1 cm by using a nonstretchable measuring tape. Anthropometric indexes (WAZ, LAZ, and WLZ) were calculated by using WHO Anthro Software version 2006. Severe wasting was defined as either MUAC ,115 mm and/or WLZ ,23. Severe acute malnutrition (SAM) was defined as the presence of severe wasting or bilateral pitting edema of the feet. Moderate acute malnutrition was diagnosed if the infant had an MUAC 115 mm but ,125 mm and/ or a WLZ 23 but ,2. Standard laboratory techniques were used to measure hematocrit, cholesterol and triglyceride concentrations from venous blood twice at 6 and 12 mo of age for a subsample of 100 infants per group. Screening for HIV infection was not included among the variables tested. HIV prevalence is believed to be very low among the population of this rural area. The latest survey suggested a prevalence of 1.1% in pregnant women for the nearest sentinel site that is situated in Bukavu-the main city of South-Kivu province (20) .
Sample size calculation
To calculate the sample size adequate to detect a difference of 20% in the prevalence of stunting at 80% power and the 5% level of significance, we assumed a baseline prevalence of stunting of 40% and ;15% loss to follow-up (death, migration, or decision to withdraw). Thus, we required 675 infants per group. Because of budget restrictions, only the first 21 and 100 enrolled infants in each group were conveniently selected for monitored food intake and blood tests (hematocrit, cholesterol, and triglyceride measurements), respectively.
Data analysis
Data were collected by using predefined and pretested paper forms and entered into a Microsoft Access database specifically developed for the study. Field supervisors cross-checked the data collected and monitored the quality of data entry into the database. Statistical analyses were done by using the STATA 10.0 statistical package (StataCorp LP). Analyses regarding growth were performed only for the children who completed the study. Continuous variables were compared by using unpaired or paired Student's t test as appropriate. Categorical outcomes of the 2 intervention groups were compared by using Pearson's chisquare test. Logistic regression and linear regression were used to adjust the ORs and coefficients for baseline imbalance
RESULTS
Of the 1401 infants screened, 1383 were randomly assigned to 1 of the 2 groups, of whom 1331 (96.2%) completed the study (Figure 1 ). There were 9 deaths in the RUCF group, compared with 2 receiving UNIMIX (P = 0.04). The causes of death obtained from medical records (n = 10) or via verbal autopsy (n = 1) included complications of a uvulectomy done by a traditional healer (n = 1), SAM (n = 1), pneumonia (n = 2), diarrhea (n = 2), and malaria (n = 3) in the RUCF group and an unintentional drowning in an infant bath tub (n = 1) and intoxication with traditional medicine (n = 1) for death in the UNIMIX group. The 2 intervention groups were comparable at enrollment for most of the variables, but there were significantly more girls in the RUCF compared with the UNIMIX group. The difference in proportions of infants with severe wasting at enrollment was close to the level of statistical significance ( Table 2) .
For infants who completed the follow-up, no statistically significant differences were found in weight, length, or MUAC at 12 mo of age between infants of the 2 study groups ( Table 3) , and no statistically significant differences were found in the prevalence of stunting (RUCF group: 48.6%; 95% CI: 44. 8 . No significant differences were found between the 2 groups in the proportions of age between infants walking unassisted, developing moderate acute malnutrition, or SAM at 12 mo of age. No significant differences between the 2 groups in hematocrit, triglyceride, or total cholesterol changes were observed at 12 mo of age (Table 3) . Total triglycerides and total cholesterol decreased in both groups, but HDL cholesterol increased in both groups. The average HDL/LDL ratio was significantly different at the end of the intervention (RUCF group: 0.63 6 0.14; UNIMIX group: 0.68 6 0.13; P = 0.008). The analysis of data for the 42 children who were always fed the study complementary food in the presence of the extension health worker showed similar growth for infants receiving RUCF and UNIMIX. No interaction between any of the covariates tested (sex, presence of stunting at enrollment, and weight gain from birth to 6 mo of age) and the intervention was found. Logistic regression analysis showed that the adjustment for variables showing imbalance between the 2 study groups at baseline (sex, MUAC at admission, LAZ group, and previous child admitted for SAM) had no significant effect on the risk of being either stunted [unadjusted OR: 1.08 (95% CI: 0.87, 1.34); adjusted OR: 1.20 (95% CI: 0.95, 1.51)] or underweight [unadjusted OR: 1.16 (95% CI: 0.88, 1.53); adjusted OR: 1.31 (95% CI: 0.97, 1.78)] for infants consuming RUCF compared with those consuming UNIMIX. The risk of being wasted was not affected by the adjustment, and the linear regression coefficients of length, weight, and MUAC gains were also not affected by the adjustment.
Linear regression analyses showed that the adjustment to the number of health center visits for diarrhea had no influence on the effect of type of study food on length increment (unadjusted b = 20.23, P = 0.039; adjusted b = 20.22, P = 0.049); however, in comparison with infants without health center visits for diarrhea, there was a significant decrease in length gain [-0.35 cm (P = 0.006) if 1 visit, 20.47 (P = 0.001) if 2-3 visits, and 21.5 cm (P = 0.001) if .3 visits]. Health center visits for respiratory tract infection symptoms had no influence on length increment. Two to 3 visits tended to negatively influence weight gain (b = 20.082, P = 0.088). More than 3 visits had a statistically significant negative effect on weight gain (b = 0.227, P = 0.003). Health center visits for malaria had no influence on either length increment or weight gain.
Mean length (64.2 6 3.3 cm) and weight (6.7 6 1.0 kg) at 6 mo of age in infants of the historical cohort were not statistically different from those of any of the study groups, and the mean increment from 6 to 12 mo of age in weight (1.2 kg; 95% CI: 1.1, 1.3) was not significantly different either from infants in the RUCF group (P = 0.36) or from infants in the UNIMIX group (P = 0.078). Children of the historical cohort had a significantly higher (P , 0.001) increment in length (6.3 cm; 95% CI: 5.9, 6.8) than did infants in both the RUCF and UNIMIX groups (Table 3) .
DISCUSSION
No significant differences were found between the 2 food groups in the prevalence of stunting and underweight, weight gain, hematocrit, and lipid profiles at 12 mo of age. The key limitation in this study was that we were unable to include a perfect control group of infants not receiving the study foods.
This was so because we had hypothesized that the foods would be beneficial to infant growth and denying some children of the food would have been unethical. Another limitation of the study is that we were able to monitor actual food intake in only a small subsample of the infants because of cost considerations. The difference between the results of those for whom the intake was monitored suggests that compliance with the supplementation may have affected the outcome of the study. However, our method was similar to that of most of the other studies cited in which food intake was not monitored. Although, to our knowledge, this is the largest effectiveness trial assessing the effect of a lipid-based supplement on growth of infants living in a resource-poor setting, several studies carried out in Malawi have previously addressed the same question. Lin et al (21) found that infants consuming a peanut/soy spread gained 110 g more in 1 The 2 intervention groups were comparable at enrollment for most of the variables, but there were significantly more girls in the RUCF group than in the UNIMIX group. The difference in proportions of infants with severe wasting at enrollment was close to the level of statistical significance. MUAC, midupper arm circumference; RUCF, ready-to-use complementary food; SAM, severe acute malnutrition; UNIMIX, multimicronutrient-fortified corn soy blend.
2 n = 580/609. 3 Mean 6 SD (all such values). 4 n = 100 (RUCF) and 100 (UNIMIX). 5 n = 10 (RUCF) and 100 (UNIMIX). 6 n = 102 (RUCF) and 100 (UNIMIX). 7 Defined as MUAC ,115 mm or weight-for-length z score ,23 or bilateral pitting edema of both feet.
weight than did those consuming a maize porridge fortified with fish powder, whereas Phuka et al (16) showed no difference in growth with a milk-based spread, except in children with severe stunting at enrollment. These results confirm that more research is still needed to identify the most appropriate RUCF and that increasing the content of milk and reducing the proportion of starch in the RUCF may not be sufficient to significantly improve the effectiveness of an RUCF for achieving optimal growth as defined by the 2006 growth standards. Our results and those of the Malawi studies are contrary to the results of Adu-Afarwuah et al (5) in Ghana, showing that the use of a lipid nutrient supplement spread as vehicle for micronutrient supplementation was associated with greater length gain than when the micronutrients were provided in form of crushable tablets or sprinkles. However, this discrepancy is not surprising as in our study, contrary to the study by Adu-Afarwuah, both groups received fortified foods and an amount of energy that was almost equivalent (5) . The importance of the extra energy was confirmed by Phuka et al's study, which showed a trend of better growth in the FS50 group when compared with the group that received a similar lipid nutrient supplement (FS25) that provided similar amounts of micronutrients but half of the energy that was provided to the FS50 group (15, 22) .
The prevalence of stunting at 12 mo in the current study was comparable with the 2007 national prevalence of 46.5% for the same age. Furthermore, the results show that the RUCF did not have the expected effect compared with the historical cohort (23), The lack of effect on growth faltering observed in the current study, regardless of the study group, and in most of the cited literature may be partly explained by the high burden of infectious disease, such as diarrhea and respiratory tract infection (24) and inadequate nutrient absorption from complementary/ supplementary foods used in interventions. Low nutrient absorption from foods may be due to environmental enteropathy (EE) in combination with the presence of nutrient-binding factors intrinsically present in cereal-legume-based foods such as RUCF and UNIMIX. EE, also known as tropical enteropathy, which is likely to be prevalent in most developing countries, was suggested as a possible explanation of growth faltering in Kivu by Brasseur et al (25) . It has been linked to living conditions with poor sanitation and hygiene practices and is thought to be caused by chronic ingestion of pathogenic microorganisms (26) . EE is characterized by loss of intestinal barrier integrity (27) and can increase nutrient loss by maldigestion and malabsorption, can increase nutritional requirements through inflammation (28) , and may decrease the efficacy of nutritional interventions (26) . However, no study has specifically assessed the effect of EE on stunting and weight gain among infants in resource-poor settings Nutrient absorption from complementary foods may also be limited by antinutritive factors such as phytic acid. Phytic acid is a potent inhibitor of iron, zinc, and calcium absorption in plantbased foods. Food analysis (VO Owino et al, unpublished data, 2011) of the soy-maize-sorghum-based RUCF used in this study showed that it had a high phytic acid content and high phytic acid: iron molar ratio (Table 1) . Peanut-based RUTF with 25% milk had half the amount of phytic acid (220 6 6 mg/kg) and a lower phytic acid:iron zinc molar ratio (iron: 1.4; zinc: 1.9). Desirable molar ratios for phytate:iron and phytate:zinc are ,1 and ,18, respectively (29) . A recent study in Malawi found no effect on zinc status of supplementing infants with a peanut/soy food spread (21) . Recent evidence shows that removal of phytic acid from the food matrix using microbial phytase is associated with improved weight-for-age and decreased deficiencies of iron and zinc (30) .
The incorporation of animal protein into complementary food formulations minimizes the level of antinutrients and improves the effect on growth. A recent study showed that peanut-RUTF with only 10% milk was less effective in treating children with SAM, another under nutrition form, than was standard RUTF with 25% milk (31) . However, as discussed above, the content of milk may not be the main factor explaining the insufficient effect on growth seen with our RUCF, which aimed to limit the milk content of RUCF to only 5% wt:wt and the overall protein contribution to total energy to 8%. We obtained results not very different from those studies using lipid-based food spread formulations with a much higher content of milk (15, 16, 21) . Also, the formulations of products for use in developing countries as complementary food has to take into account the fact that the most commonly used source of animal protein for these products, dry skim milk powder, is costly and not readily available in resource-poor settings. Thus, other alternatives for increasing the amount of animal products should also continue to be investigated. Another important contribution of the current study in building knowledge is the description of the lipid profile associated with the intake of study food. Indeed, to our best knowledge, our study was the first in which the effect of a lipid-based RUCF on the lipid profile was assessed. Our finding of decreased total cholesterol and increased HDL/LDL ratio is a good basis for future studies to assess the effect of lipid-based nutrient supplements such as RUCF on the future risk of metabolic diseases such as obesity, hypertension, and cardiovascular disorders among individuals receiving interventions in their first year of life.
There were more deaths in the RUCF group than in the UNIMIX group, but it is difficult to interpret this finding given the limited number of deaths and because some of the deaths were iatrogenic or traumatic, and the remaining deaths were due to common infectious diseases. In addition, the observed mortality of the RUCF group was lower than that of 3.8/100 children-years from the age of 6 to 12 mo reported in the cohort mentioned above of infants enrolled into a study to assess the effect of regular individualized visits and nutrition counseling on growth (G Bisimwa, personal communication, 2011).
No significant differences were found between the RUCF and UNIMIX in the reduction of the prevalence of stunting and underweight at 12 mo of age among rural Congolese infants. Assessment of factors such as EE and parasitic infections that might compromise gut integrity and hinder adequate nutrient absorption is urgently recommended.
